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ABSTRACT 
Antiserum against UV-irradiated DNA was used as a specific reagent in an indirect 
immunofluorescent technique to detect photochemically damaged DNA in skin. Hair-
less mice were irradiated with different wavelengths of monochromatic UV radiation, 
killed immediately after irradiation and the skin examined for photochemical DNA 
lesions in cell nuclei with the immunofluorescent technique. UV radiation from 254 
to 300 nm was effective in producing photochemically damaged DNA in cell nuclei of 
the epidermis of irradiated hairless mice. However, at 310 nm appro>..imately four times 
more radiant energy was required than at the shorter wavelengths to produce photo-
chemically damaged nuclear DNA. 
Ultraviolet (UV) radiation induced specific 
photochemical alterations in deoxyribonucleic 
acid (DNA) and some of these photoproducts 
have been chemically characterized (1, 2, 3). 
Recen studies have shown that photochemically 
altered DNA is antigenic and that specific anti-
bodies to ultraviolet-irradiated DNA can be in-
duced in experimental animals (4, 5, 6). These 
antibodies react with irradiated DNA or irra-
diated pyrimidines, but not with native DNA, 
heat-denatured DNA or unirradiated purines or 
pyrimidines ( 4, 7). 
We have recently reported that antiserum to 
UV-irradiated DNA can be used as a specific 
reaO'ent to detect UV -induced damage to cell 0 
DNA in vivo (8). When mice were irradiated 
with UV light from a germicidal lamp (General 
Electric G 15T8) or a commercial sun lamp 
(Hanovia, Model Luxor Alpine), photochemi-
cally altered nuclear DNA in skin cells was dem-
onstrated by immunofluorescence employing 
specific antiserum as the reagent. These studies 
however did not define the wavelength range of 
' UV radiation capable of inducing such damage 
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to nuclear DNA. We now report studies with a 
high intensity UV grating monochromator and 
present information on the range of UV radia-
tion capable of inducing damage to DNA in vivo. 
EXPERIMENTAL METHOD S 
The high intensity UV grating monochroma-
tor employed in these studies was previously 
used to determine the relative effectiveness of 
different wavelengths of UV radiation in produc-
ing erythema on human skin (9). Non-pig-
mented hairless mice (bred from stock animals 
kindly supplied by Dr. J. E. Epstein, University 
of California School of Medicine, San Francisco) 
were immobilized wedging them in cone-shaped 
wire cages and 1 cm2 of dorsal skin wa.s irra-
diated ·with monochromatic UV light. After irra-
diation, the animals were killed immediately and 
the irradiated areas of skin were excised and 
frozen Rt -60°C. Sections of 4 fJ. thickness were 
cut in a cryostat and reacted with rabbit antise-
rum to UV-irradiated DNA followed by fluores-
cein-conjugated sheep antiserum to rabbit 
gamma globulin. Rabbit antiserum to UV -irra-
diated DNA did not cross react with native or 
heat-denatured single strand DNA and was spe-
cific for photoproducts of UV -irradiated DNA. 
The technique of indirect immunofluorescence 
described above and preparation of reagents were 
reported in detail previously (8) . 
RESULTS 
Figure 1 was constructed from data reported 
previously (9) and depicts the erythema action 
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FIG. 1. Curve for erythema pectrum constructed from data reported pr viously (see ref. 9). The 
ordinate is the reciprocal of the millijoules required 
to produce minimal erythema on untanned human 
abdominal skin. Th cale on the ordinate thus cor-
re ponds to the effcctivene of different wave-lengths in producing er~·th ema. This erythema 
action sp ctrum wa used a the basi to determine UV wavelength tha t would induce the photo-
ch mical DNA lesion in cell nuclei . 
spectrum for human skin produced by UV light 
from the grating monochromator. The ordinate 
represents the relative effectiveness of UV light 
in erythema production and demonstrates that 
between 254 nm and 295 nm it does not differ 
significantly in this capacity. However, at 310 
nm and longer, the relative effectiveness in ery-
thema production falls markedly. Thus at 310 
nm, 180 mj/cm2 of energy is required for one 
minimal erythema dose (MED) whereas at 295 
nm, 10 mj/ cm2 is the MED equivalent. Hairless 
mice were irradiated at different wavelengths 
with energies which were comparable in terms of 
human MED and the results are presented in the 
Table. From 254 nm to 300 nm, energy equiva-
lents of 10 MED at different intervals were all 
capable of inducing photochemically altered nu-
clear DNA in epidermal cells. All animals stud-
ied showed these changes. At 305 nm, 10 MED 
or 2 0 mj/ cm2 also produced photochemical le-
sion in nuclear DNA but they were not as 
extensive as those induced by shorter wave-
Fw . 2. Indirect immunofluorescence of skin biopsies taken from hairless mice irradiated with 10 minimal et:_ythema do e (MED) human equivalents of energy at 254 nm (A), 295 nm (B) , 300 nm (C) and 310 nm (D). Skin sections were reacted with rabbit antiserum to UV -irradiated DNA and then reacted with fluorescein-conjugated sheep antiserum to rabbit 'Y globulin. In hairless mice, the epidermis is 3 to 4 cell layers thick and shows slight autofluorescence of the cytoplasm. Brighter and specific fluorescence of epidermal cell nuclei is clearly evident in A, B and C but is negative in D (310 nm) where the nuclei of basal layer cell can be een as a series of regularly spaced dark circles. The pictures are mounted so that the dermis is below the epidermal layer. X 250. 
UV DAMAGE TO NUCLEAR D A IN VIVO 441 
TABLE 
I rradiation of hairless mice with UV light 
Wave- Energy* Minimal Animals with 
length mjoules/ erythema D A lesions/ 
nm cm2 dose Animals tested 
254 88 10 4/ 4 
260 80 10 2/ 2 
260 150 19 2/ 2 
270 100 10 2/ 2 
270 202 20 2/ 2 
280 110 10 2/ 2 
295 100 10 5/5 
300 140 10 4/ 4 
305 280 10 4/ 4 (weakly 
tailing-off phenomenon, energy equivalent to 40 
MED at 310 nm was studied (Table). With 
this energy which wa quadruple that of the 
earlier study at 310 nm, nuclear DNA lesions 
were produced. The e>..i.ent of DNA lesions is 
shown in Figure 3B and can be compared to 
nuclear DNA le ions produced by 40 MED at 
295 nm in Figure 3A. The nuclear lesions in the 
epidermis seemed to be more eA.i.ensive at 295 nm 
than at 310 nm, but it can be seen that at the 
longer wavelength, photochemical DNA lesions 
were also present in the dermis whereas they were 
not pre ent in the dermis at 295 nm. This experi-
ment, therefore, indicated tha there wa no 
po itive) 
310 1,800 10 0/ 3 
320 l, 00 -t 0/ 1 
330 1,800 -t 0/ 1 
295 400 40 3/ 3 
310 7,200 40 2/ 2 
320 7,200 -t 1/ 1 (weakly 
positive) 
330 7,200 -t 0/ 1 
*Energy was measured over a 10 nrn half-power 
bandwidth and 90% was within ±5 nm of the dial 
setting. 
tAt these higher wavelengths, the amount of 
energy equivalent to minimal erythema dose was 
not determined. 
lengths. At 310 nm, 1800 mj/cm2 or the equiva-
lent of 10 MED at this wavelength, no photo-
chemically altered DNA was detected. Similarly 
at 320 and 330 nm, 1800 mjjcm2 was ineffective 
in producing photochemical DNA lesions. Figure 
2 illustrates the nature and extent of the nuclear 
DNA lesions detected by immunofluorescence. 
Figures 2A, B and C were from mice irradiated 
with 10 MED at 254, 295 and 300 nm respec-
tively. The epidermis contained large numbers 
of fluorescent nuclei, representing a reaction be-
tween photochemically altered nuclear DNA and 
the specific antiserum. Figure 2D was from a 
mouse irradiated with 10 MED at 310 nm. 
There was no fluorescence of cells in the epider-
mis and in this picture the nuclei of basal layer 
cells could be discerned as a series of regularly 
spaced dark circles. 
The above results indicated that 310 nm was 
the region in which UV light became ineffective 
in inducing nuclear DNA lesions. To determine 
if this was a sharp end-point or represented a 
harp end-point at 310 nm and thi wa further 
FIG. 3. Indirect immunofluorescence of skin bi-
opsies taken from hairless mice irradiated with 40 
MED equivalents of energy at 295 nm (A) and 
310 nm (B). At 295 nm, there i widespread and 
strong fluorescence of almost all nuclei in epi-
dermal cells. The larger energy at 310 nm was also 
effective in producing photochemical lesions in 
epidermal cell nuclei (compare 3B with 2D) . In 
addi tion, at 310 nm photochemically altered DNA 
was pre ent in cells in the dermis (B) but not 
detected in the dermis at 295 nm (A) X 300. 
Fluorescence of elastic fibers can be seen in the 
dermis in A and this can easily be distinguished 
from nuclear fluorescence. 
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substantiated by the experiment at 320 run 
which showed that at an energy of 7200 mjjcm2, 
nuclear DNA lesions could also be induced al-
though they were much less extensive (see 
Table). At 330 nm, 7200 mj/ cm2 did not produce 
photochemical lesions in nuclear DNA but 
higher amounts of energy were not studied. 
DISCUSSION 
It has been shown that photochemical lesions 
in nuclear DNA of skin cells can be produced by 
irradiating living animals. Ultraviolet light over 
a wide spectrum is capable of inducing uch 
lesions and the effectiveness falls off at 310 nm 
but without a sharp end-point. It has to be 
noted that no attempt was made to determine 
the lowe t amount of energy at any given wave-
length capable of causing photochemical lesions, 
ince a standard of 10 IVIED was employed. 
However, it was clear that at 310 nm and above, 
higher energies than human equivalents of 10 
MED had to be used. It should also be pointed 
out that photochemically altered D~A need not 
be the only photochemical lesion caused by UV 
light in the irradiated animals. Our reagent was 
antibody to UV-irradiated DNA and thus the 
experiment were designed to detect photochem-
ical DNA lesions but not other types of photo-
chemically altered ti sue or cell components. 
There appears to be a close parallel bet\Yeen 
the curve of the erythema action spectrum and 
the action spectrum of photochemically-induced 
DNA lesions in cell nuclei. It is po sible that the 
two bioloO'ic effects of UV light on the skin ma:v 
be related but they are separate temporal events 
in that the photochemical le ion was observed 
immediately whereas erythema is a delayed phe-
nomenon occurring many hours after irradiation. 
However, it i possible that the erythema "·hich 
appear later may be the result of damaO'ed nu-
clear D A. 
As reported by Koller (10) and recently di -
cu ed by Barker (11), the solar radiation stud-
ie of Petit (12) and Luckeish (13) have demon-
trated that measurable amount of UV light of 
wavelength horter than 300 nm are present on 
the earth's urface e pecially between April and 
eptember for the northern hemi phere. A re-
cent publication by Urbach i a valuable 
ource of information in this field (14). We have 
hown that at wavelengths shorter than 300 nm, 
radiant energy of approximately 100 mj/cm2 
produced photochemical DNA lesions in cell nu-
clei of the epidermis. UV light of the longer 
wavelengths such as 310 nm does penetrate 
below the epidermis, at least in the hairless 
mouse, and changes nuclear DNA of cells in the 
dermis (Figure 3B). The demonstration that 
these UV wavelengths induce photochemical le-
sions in nuclear DNA may be important in the 
consideration of possible damaging effects of 
sunlight. Human diseases such as systemic lupus 
erythematosus and other autoimmune diseases 
are often characterized by photosensitivity to 
sunlight and are also associated with antibodies 
to DNA and other tissue components in circu-
lating blood. It is conceivable that damaged cell 
components from photochemically injured cells 
may be the antigenic stimulus to the production 
of autoantibodies in certain photosensitivity dis-
ea es. Further studies are needed to determine if 
such a relationship exists. The present studies 
al o demonstrate that immunological techniques 
can serve as useful and accurate biochemical 
probes to detect and localize photochemical le-
ions in tissues. 
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